Introduction
In plant production, the one of the most important factor limiting crop productivity is salinity (Piwowarczyk et al. 2014 ). According to the FAO Land and Plant Nutrition Management Service, over 3% of the world's land is suffering from salinity, which cover over 397 million hectares. Much of the world's land is not cultivated, but a significant proportion of cultivated land is salt-affected. Of the current 230 million ha of irrigated land, 45 million ha are salt-affected (19.5%), and of the 1500 million ha under dryland agriculture, 32 million are salt-affected to varying degrees (2.1%) (Hefny et al. 2013 ). Salinity problem is increasing and the struggle for salinity is very difficult. One of the easy solutions to solve this problem is that the cultivation of stress-tolerant species that maintaining high productivity (Piwowarczyk et al., 2014) .
Morphological, physiological, biochemical and molecular responses of plants to stressors are widely used to determine the stress tolerances. Environmental stress factors, including salt stress, cause the formation of reactive oxygen species (ROTs) known as oxidative stress in plant cells. These reactive oxygen species have many adverse effects on the cell such as membrane peroxidation, protein denaturation, and DNA damage. In order to protect themselves against ROSs, plants have a comprehensive defense mechanism including main antioxidative enzymes such as superoxide dismutase (SOD; EC 1.15.1.1), catalase (CAT; EC 1.11.1.6), ascorbate peroxidase (APX; EC 1.11.1.11), and glutathione reductase (GR; EC 1.8.5.1) and important osmolytes like proline. Lipid peroxidation can be defined as the oxidative deterioration of lipids containing any number of carbon-carbon double bonds. Lipid peroxidation is a well-established mechanism of cellular injury in both plants and animals, and is used as an indicator of oxidative stress in cells and tissues (El-Beltagi and Mohamed, 2013) . In the previous studies, all these essential parameters showed as an indicator of tolerances against the various stress factors, involving salt stress in different plants, including Fabaceae (Bandeoğlu et al., 2004; Yasar et al., 2008; Kusvuran, 2015; Khan and Hemalatha, 2016) . Sainfoin (Fabaceae) is an important animal forage crops. 160 species of it are known around the world. While sainfoins are spread in a very broad geography from the Baltic Sea to the Mediterranean, Asia Minor, and Siberia. They have accumulated and diversified especially in the Anatolia-Iran-Caucasus triangle. In these regions, 32 out of the 53 species in Iran (60.4%), 27 out of the 52 species in Turkey (51.9%) and 21 out of the 39 species in the Caucasus (53.4%) are endemic. In the light of these data, it may be seen that Turkey is one of the important centers of development for this genus (Avcı, 2010) . Sainfoin has several superior characteristics. It may be grown in arid, gravelly and calcareous soils. It is more resistant to arid conditions in comparison to other feed plants. Despite all these advantages, sainfoin (O. viciifolia Scop.) has low salinity tolerance (Temel et al., 2016) , however there are limited studies (Beyaz et al., 2018; Beyaz et al., 2011; Wu et al., 2017; Uzun et al., 2017) related to any tolerance mechanisms of sainfoin against salinity, including biochemical basis. Tissue cultures may be used in determining physiological and biochemical events and changes that emerge under stress conditions (Babaoğlu and Gürel, 2001 ). The present study aimed to investigate biochemical responses of the shoot and root tissue of sainfoin seedlings that exposed to salt (NaCl) stress under in vitro conditions. The current study contributed basic information that can use in breeding studies of sainfoin to the literature.
Material and Methods

Seed Surface Sterilization, Germination of Seeds and Growth Conditions of Seedlings
The dehulled sainfoin seeds were kept in a 20% commercial bleach solution (ACE, containing 5% sodium hypochlorite) for 20 minutes for surface sterilization and then rinsed 3 times with sterile distilled water. The sterilized seeds were planted into MS (Murashige and Skoog, 1962) nutrient media that contained 3% sucrose and was solidified by 0.65% agar supplemented with 100 mM NaCl, again, in sterile Magenta boxes. All the cultures were kept under white fluorescent light (27 μmol m −2 s −1 ) in a photoperiod of 16 hours of light and 8 hours of dark at 24±1°C. Biochemical analyses were conducted in shoot and root tissue of 35-day-old seedlings
Biochemical Analysis
Contents of malondialdehyde (MDA) and proline, activities of antioxidative enzymes (CAT, SOD, GR and APX) were measured on the shoot and root of 35-day-old seedlings.
Measurement Proline and Lipid Peroxidation (MDA content)
The malondialdehyde (MDA) contents were determined based on the method described by Lutts et al. (1996) . In short, 5 ml of trichloroacetic acid (TCA) (0.1%) was added to the sample of 200 mg fresh leaves, and then, centrifuged at 12500 rpm for 20 minutes. 3 ml of the supernatant were taken from 5 ml of extracts. 3 ml of 0.1% thiobarbituric acid in 20% trichloroacetic acid (w/v) was added onto equal amounts of each of the supernatants. The A-absorbance of the samples was measured spectrophotometrically at 532 and 600 nm using a spectrophotometer.
The proline assay was based on the method by Bates et al. (1973) , which uses 3% sulfosalicylic acid for grinding fresh plant samples. The ninhydrin reagent was added to the tubes containing the ground samples, which were then placed in a water bath at 100°C for 1 hour. After cooling, 4 ml of toluene was added to the samples. The samples were examined at 520 nm.
Antioxidant Enzyme Analyses
To determine the enzyme changes in plants under drought and salt stress, approximately 0.5 g of fresh callus samples in liquid nitrogen were ground in porcelain mortars and homogenized with 8 ml of a 50-mM phosphate buffer solution containing 0.1 mM of Na-EDTA (pH of 7.6). The homogenized samples were centrifuged at 15,000 g for 15 minutes, and the resultant precipitates were used in the enzyme analyses. The samples were kept at +4°C until the enzyme analyses were performed. For enzyme measurements, the final volumes were obtained using the buffer solution (Kuşvuran, 2010) .
Superoxide Dismutase (SOD) Activity
The SOD activity was determined using the method proposed by Çakmak and Marschner (1992) and Çakmak et al. (1995) based on the reduction of NBT (nitro blue tetrazolium chloride) by O2-under the light. All the solutions were added into the reaction medium: firstly, 0.1 mM of Na-EDTA containing a 50 mM (pH: 7.6) phosphate (P) buffer, then, the enzyme extract (25 to 100 µl) followed by 0.5 ml of 50 mM Na2CO3 (pH of 10.2), 0.5 ml of 12 mM of L-methionine, 0.5 ml and 75 µM of pnitro blue tetrazolium chloride (NBT) and 10 µm of riboflavin were each added into the medium so that the final volume of the medium was 5 ml. The samples were kept under light for 15 minutes and measurements were carried out at 560 nm.
Ascorbate Peroxidase (APX) Activity
The APX activity was measured using the method proposed by Çakmak and Marschner (1992) and Çakmak et al. (1995) based on the oxidation of ascorbate at 290 nm (E = 2.8 mM cm −1 ). By following the method, the final volume of the reaction medium was adjusted to 1 ml by adding 0.1 mM of EDTA containing a 50-mM phosphate buffer (pH of 7.6), 0.1 ml and 10 mM of EDTA containing 12 mM of H2O2, 0.1 ml and 0.25 mM of L-ascorbic acid and enzyme extract into the medium, and then the ascorbate concentration was measured spectrophotometrically at 290 nm.
Glutathione Reductase (GR) Activity
The GR activity was measured using the method proposed by Çakmak and Marschner (1992) and Çakmak et al. (1995) based on the oxidation of NADPH at 340 nm (E = 6.2 mM cm −1 ). By following the method, the final volume of the reaction medium was adjusted to 1 ml by adding 0.1 mM of EDTA containing a 50-mM phosphor buffer (pH of 7.6), 0.1 ml and 0.5 mM of oxidized glutathione (GSSG), 0.1 ml and 0.12 mM of NADPH and enzyme extract into the medium, and then the NADPH oxidation level was measured spectrophotometrically at 340 nm.
Catalase (CAT) Activity
The CAT activity was measured based on the decomposition rate of H2O2 at 240 nm (E = 39.4 mM cm −1 ) (Çakmak and Marschner, 1992; Çakmak et al., 1995) . In this enzyme analysis, the final volume of the reaction medium was adjusted to 1 ml by adding 0.1 mM of EDTA containing a 50-mM phosphate buffer (pH of 7.6), 0.1 ml and 100 mM of H2O2 and enzyme extract into the reaction medium.
Statistical Analysis
Three replicates were prepared with 25 seedlings per replication. Data were statistically analysed by Independent-Samples t-test in the "IBM SPSS 22" program (Snedecor and Cochran, 1967) .
Results and Discussion
In this study, changes in antioxidant enzymes (SOD, CAT, APX, and GR), malondialdehyde (MDA) and proline contents were measured in shoot and root of 35-day-old seedling under salt stress (100 mM NaCl).
Responses of Enzymatic Antioxidants
The responses of antioxidant enzymes to salt stress were different in both tissues (Table 1. ). CAT and SOD activities were significantly (P<0.01) increased (6.01 and 2.53 folds, respectively) by 100 mM NaCl treatments when compared to control in shoot tissue of 35-day-old seedlings. Interestingly, activities of GR was significantly (P<0.05) reduced (1.03 fold) when compared to control. On the other hand, an increase in APX activity was observed but statistically not significant (Table 1) . APX and SOD were significantly (P<0.05) increased (1.52 and 1.75 fold, respectively) in root tissue under stress (Table  2) . On the other hand, although the activitiy of CAT was increased (1.04 fold), this is not found statistically significant. GR activity was decreased (1.07 fold) in root tissue as the same in shoot tissue under stress ( Table 2) .
The enzyme SOD is considered the first-line of defense because it catalyzes the first reaction in the ROS detoxification process (Jun and Zhulong, 2015) . Therefore, SOD activity upon salt stress exposure provides valuable information about the biochemical mechanism of shoot and root tissues of sainfoin. Overall, the results of this study show that SOD has the constitutive activity among the others in both tissues. On the other hand, the findings indicated that the activity of SOD much higher in shoot tissues (almost 1.5 fold). According to this results, it can be speculated that shoot tissue less effected from salt stress due to higher activity of SOD. Bandeoğlu et al. (2004) indicated root tissues of lentil are protected better than leaves from NaCl stress-induced oxidative damage due to enhanced total SOD activity under salinity stress (200 mM). On the other hand, Kim et al. (2005) reported that the activities of SOD was increased significantly in the root of barley under salt stress (200 mM).
Catalases are one of the major enzymatic antioxidants after SOD, which have the potential to directly dismutase H2O2 into H2O and O2 (Demidchik, 2015) in antioxidant scavenging systems. In the present study, the findings show that CAT activity much higher (almost 6 fold) in shoots than in the roots of sainfoin under stress conditions. It is clear that sainfoin can activate markedly CAT, which might indicate that shoot tissue more sensitive against to stress, to eliminate H2O2 and restrict the accumulation of ROS in shoot tissue. Bandeoğlu et al. (2004) reported that CAT activity was increased both roots and leaves the tissue in lentil under salt stress, but its higher in roots than leaves. Azevedo Neto et al. (2006) indicated that CAT enzymes had the greatest H2O2 scavenger activity in both leaves and roots in maize.
The H2O2 generated by SOD is reduced to water by ascorbate (AsA) catalysed with APX (Asada, 2006) . APX is also one of the essential antioxidant enzymes in defence systems. The findings of the present study show that the increase in APX activity was greater in shoot tissue than root tissue (1.03 fold) under salt stress in sainfoin (Table 1.  and Table 2 .). Similarly, Heidari (2010) indicated that APX activity much higher than root tissue in shoot tissue of canola genotypes. In contrary, Bendeoğlu et al. (2004) reported that the constitutive activity of APX was much higher in roots (almost two-fold) than leaves in lentil. It seems to APX play an important role in to scavenge of ROTs in any tissue of any plants and activity can be changed (increase/decrease) in different tissue of different plants under stress conditions. However, APX seem to have a positive contribution to antioxidant systems in both tissues of sainfoin. Tables 1 The effect The last enzyme of ascorbate-glutathione cycle, GR, catalyses the NADPH-dependent reduction of oxidized glutathione (Bandeoğlu et al., 2004) . In the present study, GR activity decreased in both tissue under salt stress and this decreasing is significant at P<0.05 level in shoot tissue of sainfoin (Table 1 and Table 2 ). Parallel to findings, Bandeoğlu et al. (2004) reported that salt stress caused a decrease in GR activity in roots of lentil. In addition, Abdelgawad et al. (2016) reported that GR activity did not increase in root tissue of maize seedlings up to 150 mM NaCl. In antioxidant enzymes, GR does not play an essential role in scavenging of ROTs in both tissues of sainfoin. On the other hand the decreasing in the activity of GR might be the reasons of a reduction in the supply of reductants such as ATP and NADPH (Ren et al. 2016) , the inhibition of enzymes by ROS (Ren et al. 2016) or highest activity of APX which is another essential enzyme in Ascorbate-glutathione (AsA-GSH) cycle such as GR.
Changes in Lipid Peroxidation (Malondialdehyde) and Proline Contents
Lipid peroxidation measured as MDA (malondialdehyde, a product of lipid peroxidation) content considered to be indicators of salt-dependent oxidative damage (Yasar et al., 2008) . Compared to shoot tissues a significantly higher malondialdehyde (MDA) contents (1.18 fold) was observed in root tissues of sainfoin (Table  1 and Table 2 ). This may be due to lesser efforts antioxidant enzymes (except, CAT) to scavenge ROTs in root tissue (Table 1 and Table 2 ). Similarly, Azevedo Neto et al (2006) reported that the contents of MDA is less in salt-tolerant genotypes of maize than sensitive ones, depend on antioxidant enzymes working capacity. Bandeoğlu et al. (2004) indicated that MDA contents are more in leaf tissue of lentil than root tissue due to less active antioxidant enzymes (SOD, APX, and GR). Azevedo Neto et al. (2006) suggested the reduction of MDA content the in salt tolerant genotype of maize was due to increased antioxidative enzyme activities. Similar results, reported by Shalata et al. (2001) for roots of Lycopersicon pennellii.
Proline is one of the most important osmoprotectant in plants (Bandeoğlu et al., 2004) . The findings of the present study show that proline contents were significantly (P<0.01) increased (1.51 and 3.88 folds, respectively) in both tissue of sainfoin under stress (Table 1 and Table 2 ). At 100 mM NaCl stress the increase in roots was much higher (288%) than in shoot tissues (51.42%). The results of this study were agreement with the findings of Bandeoğlu et al. (2004) in lentil and Heidari (2010) in canola genotypes. In contrary, Meloni et al. (2004) reported that proline content was not significantly increased in both leaves and roots tissue in one of the most important salt-tolerant legumes Prosopis alba (algarrobo) under salt stress (300 and 600 mmol.L -1 ). The results of more accumulation proline in root contents in root tissue of sainfoin, it may be due to the contact of the root tissue with the direct stress factor. On the other hand, similarly to its generally accepted role in many other species, it is obvious that proline play an important role in antioxidative mechanism of sainfoin.
Conclusion
On the basis of the data collected here, the biochemical parameters were regularly increased (except, GR) in the shoot and root of sainfoin under stress. Overall, antioxidant enzymes (CAT, GR, SOD and APX) more active in shoot tissue of sainfoin. On the other hand, accumulation of MDA and proline in root tissue much greater than shoot tissue. Among the antioxidant enzymes, SOD seems to be more active in both tissues. However, interestingly the activity of GR decreased in both tissue under stress conditions. Based on present finding, it is concluded that, under salt stress shoot tissues of sainfoin underwent greater oxidative stress-mediated damage when compared with root tissues. The reason for the higher extent of protection from oxidative damage in shoot tissues seems to be due to higher SOD activity and a significant enhancement of CAT activity under salt stress conditions. The results of the present study may provide a comparative information between shoot and root tissue of sainfoin to elucidate the biochemical mechanism for antioxidant defense systems under salt stress. On the other hand, to understand the mechanism of antioxidant defense systems of sainfoin plants, there is need more biochemical, physiological and molecular works.
